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8.  DEMONSTRATION TRIAL, COPPER VALLEY, SOUTH STIRLING
Mark Adams
 Paddock history and site layout
• This was one of two new sites added in 1999.
• The paddock has been cropped previously with varying degrees of success. In a dry year
Onslow barley yielded 4.3 t/ha while in a wet year the crop was almost not worth
harvesting.
• It is shallow duplex soil of sandy loam on dome clay at 10 cm depth.
• The landscape is undulating and the paddock borders a large swamp.
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Figure 8.1 Site layout of the 60 ha raised bed trial site at South Stirling.
 Operations
22 March Forming of beds
15 May Sprayed. Roundup® (1.5 L/ha), Ally® (0.1 L/ha), oil, LI100 (0.05 L/ha), Ester
(100 mL/ha)
20 May Seeded 80kg/ha Cascades + 100 kg/ha Agras No. 1 No-Till (17.0% N, 7.4% P
+ 16.5% S + 0.6% Cu, 0.2% Zn, 0.06% Mo)
22 May Spray Logran® (0.35 L/ha), Diuron® (0.55 L/ha), Gramoxone® (0.6 L/ha)
8 June Urea 95 kg/ha
10 June Spray. Cyprenthin (0.1 L/ha), BS1000 0.1%
31 July Spray. Cyprenthin® (0.13 L/ha), Tignex® (0.6 L/ha), Triamefon® (1 L/ha)
1 Sept First dry matter cut
29 Sept Second dry matter cut
1 Nov Third dry matter cut
5 Jan 2000 Harvest
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 Results
Rainfall distribution
The 1999 growing season started with a dry April, followed by a very wet May, then a drier
than average June and July, a wetter September and October and followed by an average
finish to the season (see Table 8.1 and Figure 8.2).
 Table 8.1 Actual rainfall, decile ranking and median figures for Copper Valley (actual)
and Kojaneerup (decile and median figures).
Monthly rainfall (mm) Total
April May June July Aug Sept Oct Nov April-Nov
Actual 1999 12 100 50 50 51 70 55 26 414
Decile* 2 10 5 5 6 9 7 5
LT Median# 32 43 59 58 51 46 39 26 354
* Decile ranking is the position of the monthly  rainfall in a distribution of historical rainfall arranged in order of magnitude. Decile 2 rank
means the recording is in the 10% to 20% range i.e. the lower end of the scale; Decile 10 rank means a fall is in the largest 10% of records.
# Long term median (LT Median) was obtained from Kojaneerup.
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Figure 8.2 Graphical distribution of actual rainfall at South Stirling in relation to decile 2
and 8 rankings.
Crop growth and grain yield
Crop growth as dry matter was measured at regular intervals and the results are presented in
Figure 8.3.
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Figure 8.3 Crop growth at South Stirling expressed as dry matter and sampled at three
different dates.
The layout of this demonstration trial was limited to two areas where raised beds were
installed. Their performance was compared to the surrounding control areas. From an
experimental design view, this is not ideal and as a consequence, only total area averages are
used in the comparison of the raised beds with the controls.
The crop growth on the raised beds exceeded the controls. Dry matter was only produced on
the beds as the furrows did not produce any crop which is the equivalent of 29% non-
productive area. This reduced overall yield from the total area of raised beds.
 Table 8.2 Grain yield from raised bed and control areas from the demonstration trial,
Copper Valley, South Stirling.
Yield (t/ha)
Raised beds Control
Mean 3.50 2.95
The lower dry matter production from the total area installed to raised beds during the
growing season was not translated into lower grain yield. The raised beds’ yield was
considerable higher than the control. The grain yield map illustrates the effect of the raised
beds and the variability present in the control as well as the raised bed areas.
Yield map
The grain yield map of the area is presented as Figure 8.4.
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Figure 8.4 Grain yield map of demonstration trial at South Stirling for 1999 growing season.
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The map clearly indicates lower yielding areas both in the controls and the raised beds. In the
northern control area both very low and very high yields were obtained, the first caused by
waterlogging while the latter is not easily explained without more thorough site
investigations. In the northern section of RB1, a low yielding area was surrounded by a high
yielding region. This was caused by poor drainage of the furrows. The beds run across a
depression which has no cross drain. This is illustrated by Figure 8.5.
Figure 8.5  Ponding in furrows at South Stirling during the 1999 growing season.
A cross drain is to be installed in this depression in 2000 which should improve productivity
in this section of the paddock.
The southern area of the raised beds has a continuous slope and the furrows drained. This
section had a very uniform and high grain yield compared to the southern control area. In
other areas such as the eastern side of the trial area, the benefits of the raised beds are not
evident except for the lower part of the eastern side where there is an obvious treatment effect
across the boundaries. The non-raised bed part of the eastern side has a steeper slope facing
north which might explain the higher yields obtained in that part of the paddock. The steeper
slope is better drained and results in an increase in exposure to sunlight resulting in warmer
soil and air temperatures and therefore better crop performance.
 Comments
The layout of the experimental site made statistical analysis of crop growth and grain yield
impossible but average yield of the raised beds was improved by 18% (0.55 t/ha) compared to
the control area. The grain yield map from this site illustrates the effect of non-draining
furrows and could be an aid in the simple calculation of expected financial benefit from a
cross drain.
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9.  DEMONSTRATION TRIAL, ESPERANCE
Esperance Downs Research Station
 Paddock history and site layout
• The demonstration site is located on the western edge of the research station.
• This site was renovated and enlarged in 1998.
• The raised beds were installed in 1997 with a small vegetable garden implement.  Oats
was sown and yielded 2.6 and 1.8 t/ha for the raised beds and controls respectively.
• In 1998 the site was chisel ploughed and beds reconstructed with the larger Gessner
furrower/bedformer. It was planted to canola and yielded 2.17 and 2.20 t/ha for the
controls and raised beds respectively.
Figure 9.1. Layout of the 13 ha trial site at the Esperance Downs Research Station.
 Operations
10 June Sprayed, Roundup® 1.2 L/ha + Spark® 150mL/ha + 600mL/ha 24D Amine
10 June Seeded 80 kg/ha Carnamah + 80 kg/ha DAP (17.5% N + 20% P)
4 Aug  Topdressing, urea 80 kg/ha
21 Aug First dry matter sampling
29 Sept Second dry matter sampling
19 Jan 2000 Harvest
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 Results
Rainfall distribution
The rainfall summary is presented in Table 9.1 and Figure 9.2. From comparison between the
actual and the long-term average rainfall summary, the 1999 growing season appeared a
wetter than average year with May, July, August and September receiving more rain than the
median.  During April and June less than the median rainfall was received.  The distribution is
presented graphically in Figure 9.2.
 Table 9.1 Actual, decile ranking, and median rainfall figures for Esperance Downs
Research Station.
Monthly rainfall (mm) Total
April May June July Aug Sept Oct Nov April-Nov
Actual 1999 8 65 43 84 66 65 37 32 400
Decile* 2 7 4 8 7 7 5 6
LT Median# 34 51 59 59 58 46 39 24 370
* Decile ranking is the position of the monthly  rainfall in a distribution of historical rainfall arranged in order of magnitude. Decile 2 rank
means the recording is in the 10% to 20% range i.e. the lower end of the scale; Decile 10 rank means a fall is in the largest 10% of records. #
Long term Median from EDRS
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Figure 9.2 Distribution of rainfall at EDRS in relation to decile 2 and 8 rankings.
Crop growth and yield
Crop growth measured as dry matter accumulation was assessed twice during the growing
season and the results presented in Figure 9.3.
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Figure 9.3 Crop growth at the Esperance Downs Research Station trail site in 1999 expressed
as dry matter and sampled at two different dates
It is clear from Figure 9.3 that the crop on the beds was growing very well compared to the
controls. The surprising aspect is that the crop in the furrows was also growing very well, in
contrast to some other sites, particularly South Stirling.  Table 9.1 indicates that June rainfall
was less than the median which would have given the wheat in the furrows a chance to get
established. Subsequent wet conditions in July and August would have affected crop growth
adversely.  Those conditions caused some waterlogging in the control treatment and affected
the yield as illustrated in Figure 9.4 and Table 9.2.
 Figure 9.4. Different canopy colour between the control (right) and the raised beds (left)
illustrates the difference between treatments at EDRS.
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 Table 9.2 Grain yield from raised bed and control treatments at Esperance Downs
Research Station for 1999 growing season.
Yield (t/ha)
Replicate Raised beds Control
1 3.66 3.57
2 3.51 2.33
3 3.74 2.24
Mean 3.64 2.71
SD# 0.12 0.75
CV$, % 3 28
P* 0.10
# Standard variation; $ Coefficient of Variation; * Level of probability  that the difference is due to the imposed treatments.
For agricultural purposes P ≤ 0.05 is often used.
The yield map presented as Figure 9.6 shows very clearly the treatment effects and generally
uniform productivity of the raised beds. Had the yield of the surrounding areas (below the
drain and to the south-east) from normal seedbeds been included, the average increase from
the raised beds would be much greater.
Runoff
Runoff from the plots was negligible in the 1999 growing season even though slightly more
than the median rainfall was received. The only runoff that occurred was on 5 to 7 January
when 180 mm fell in three days. The weirs were not equipped to measure the flow at that time
of year but they completely overflowed for a few days, according to the staff of EDRS. A visit
shortly after the rainfall event by Derk Bakker did not reveal any erosion in the furrows. The
waterlogging caused by the summer rainfall and the subsequent summer weed growth is
illustrated in Figure 9.5. An abundance of summer weeds was visible on the control area
while a few were present on the raised beds.
Figure 9.5 Summer weeds on the control (right) with very few on the raised beds (left)
following a very wet summer at the EDRS, 2000.
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Figure 9.6 Grain yield map of raised bed trial at Esperance Downs Research Station.
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Soil bulk density of the root-zone
The soil bulk density of the root-zone is presented in Figure 9.7. After one year of cropping,
the bulk density of the raised beds was still substantially less than in the control areas.
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Figure 9.7 Soil bulk density of the root zone as a function of depth, with error bars for the
trial site at Esperance.
 Comments
Despite the above-average rainfall, no runoff from this site was recorded. The visible
waterlogging however did affect crop development in the controls. The lack of waterlogged
conditions and lower soil bulk density contributed to more favourable growing conditions on
the raised beds than the controls to produce 0.93 t/ha more grain.
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10. DATA ANALYSIS – ALL SITES
Of the sites, the furrows and bed shoulders at Beverley and Nepowie were renovated because
of compaction caused by the harvester and spray equipment.  Two more sites were added at
Badgebup and South Stirling.  The overall rainfall distribution was characterised by an early
break of season with a general above-median rainfall in May and below-median rainfall in
June, July and August.  Esperance was the only site with above-median rainfall.
 Soils
The soil and the median growing season rainfall at the sites are:
Beverley: The soil consists of 10 cm dispersible sandy clay loam over dispersible
medium-heavy clay; gypsum at 4.7 t/ha was incorporated into the raised
beds in 1997. The furrows and bed shoulders were renovated in 1999.
Median growing season rainfall: 335 mm
Toolibin: Shallow sandy clay loam over dispersible medium-heavy clay. Gypsum was
applied at 3.7 t/ha and incorporated into the raised beds in 1998. Furrows
and bed shoulders were renovated in 1999.
Median growing season rainfall: 322 mm.
Woodanilling: Shallow sandy loam over clay of varying depth. Gypsum was applied at a
rate of 2.3 t/ha in 1997 on the raised beds which were installed after deep
ripping and chisel ploughing.
Median growing season rainfall: 376 mm
Badgebup: Shallow gravelly sandy loam over clay. The gravel disappears and the sand
layer becomes deeper lower in the landscape. Gypsum was applied across
the whole area in 1999 and the raised bed plots were ripped. Ironstone rocks
were removed from the field.
Median growing season rainfall: 298 mm
Cranbrook: Shallow gravelly sand (~60% gravel) over clay. At 70 cm a duricrust is
present which forms a very hard layer. No gypsum was applied. The site
was extended to incorporate newly-made longer raised beds in 1998.
Median growing season rainfall: 395 mm
MBRS : Shallow gravelly sand (~40% gravel) over clay. The site was enlarged in
1998. Waterlogging appeared less severe at the western end of the site. The
raised beds were ripped and chisel ploughed prior to installation in 1998.
Median growing season rainfall: 585 mm
South Stirling: Shallow sandy loam on yellow/grey and orange/grey domed clay. A flat
landscape with subtle rises and falls. Two shallow but well defined drainage
lines are present feeding an isolated swamp adjacent to the site. The site was
chisel ploughed, lime (2.5 t/ha) and gypsum (2.5 t/ha) incorporated and rock
and stones removed in 1999.
Median growing season rainfall: 354 mm
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EDRS : Shallow gravelly sand (~50% gravel) over clay. The site was extended
significantly in 1998. The raised beds were ripped and chisel ploughed prior
to installation in 1998.
Median growing season rainfall: 370 mm
 Seasonal Conditions
Rainfall summary
 Table 10.1 Rainfall summary for 1999.
Location April May June July Aug Sept Oct Nov April-Nov Total(mm)
Beverley Actual 10 93 42 41 44 55 46 16 347
Decile ranking# 3 9 2 2 4 9 10 7  
Beverley PO Median 18 52 78 71 57 34 19 9 338
Toolibin Actual 12 57 59 64 50 45 31 2 320
Decile ranking# 4 6 5 5 6 8 8 3  
Wickepin PO Median 22 50 69 68 47 32 22 13 323
Woodanilling Actual 8 47 71 62 59 52 52 3 354
Decile ranking# 2 3 5 4 5 8 5 5  
Woodanilling
(Beaufort)
Median 22 56 81 73 60 43 29 12
376
Cranbrook Actual 9 96 78 60 51 68 27 19 408
Decile ranking# 2 9 7 4 4 8 3 5  
Cranbrook PO Median 25 55 68 73 62 51 40 21 395
MBRS Actual 2 94 70 56 53 83 57 11 426
Decile ranking# 1 7 3 1 1 6 4 1  
Mt Barker Median 46 87 97 107 91 80 71 35 614
Badgebup Actual 23 46 51 41 43 59 23 8 294
Decile ranking# 5 5 5 2 4 8 4 3  
Badgebup Median 22 48 49 56 45 34 26 16 296
South Stirling Actual 12 100 50 50 51 70 55 26 414
Decile ranking# 2 10 5 5 6 9 7 5  
Kojaneerup Median 32 43 59 58 51 46 39 26 354
EDRS Actual 1999 8 65 43 84 66 65 37 32 400
Decile ranking# 2 7 4 8 7 7 5 6  
EDRS Median 34 51 59 59 58 46 39 24 370
# Decile ranking is the position of the monthly  rainfall in a distribution of historical rainfall arranged in order of magnitude. Decile 2 rank
means the recording is in the 10% to 20% range i.e. the lower end of the scale; Decile 10 rank means a fall is in the largest 10% of records.
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Comments on seasonal conditions
Beverley
A very wet start to the season, followed by a very dry June, July and August. September and
October were wetter than average. A few waterlogging events occurred at the start of the
season and some major ones towards the end.
Toolibin
The season at Toolibin was close to the long term median rainfall distribution. It had a wetter
than average finish. No waterlogging events occurred that would have tested the raised bed
concept.
Woodanilling
Woodanilling experienced a drier than average season with wetter than average September
and October. Several short waterlogging events occurred which were severe enough to affect
the growth of the field peas.
Cranbrook
A wetter than average May and June resulted in wet seeding conditions. Rainfall was below
average during July and August. September was wetter than average. This season did not
produce substantial waterlogging. Runoff from the site was well below the 1998 level. A
major rainfall event in September did not produce a lot of runoff. The crop canopy was closed
and the soil was drying.
Mt Barker (MBRS)
The rainfall distribution at Mt Barker was similar to, but drier than that experienced in
Cranbrook - wet start, followed by some very dry months and then an average finish. Little
runoff was measured.
Badgebup
A drier than average season with only September recording more than average rainfall.
South Stirling
The South Stirling site, similar to Mount Barker and Cranbrook had greater than average May
rain. June, July and August were drier than average. September, October and November were
wetter than average.
Esperance Downs Research Station (EDRS)
A major rainfall event occurred in January during which 180 mm was recorded over a three
day period. This produced large runoff but no damage to the furrows or beds. There was no
erosion in the furrows. The growing season rainfall was generally above average, except for
June which received less than average.
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 Production data
Crop development during the growing season is summarised as dry matter production in
Table 10.2, and yields in Table 10.3.
 Table 10.2 Summary of dry matter production for all experimental sites for the 1999
growing season.
Raised beds (t/ha)
Location &
Crop T.S.* Bed Furrow Total control (t/ha) B.P. %# T.P. %@
Beverley Sept 1.69 0.29 1.29 1.35 125 96
Field peas Oct 5.14 0.89 3.93 4.04 127 97
Toolibin Sept 3.27 1.02 2.63 2.27 144 116
Canola Oct 5.83 0.99 4.45 4.91 119 91
Woodanilling Sept 1.08 0.52 0.92 0.9 120 102
Field peas Oct 5.18 2.12 4.31 4.03 129 107
Cranbrook Sept 1.59 0.22 1.2 0.66 241 182
Wheat Oct 6.26 1.17 4.81 3.58 175 134
Nov 7.01 1.42 5.41 4.68 150 116
MBRS Aug 1.7 0.67 1.41 1.36 125 104
Canola Sept 4.48 1.72 3.69 3.61 124 102
Oct 6.82 2.11 5.47 4.66 146 117
Badgebup Sept 3.37 1.82 2.92 3.21 105 91
Canola Oct 6.85 4.16 6.08 6.37 108 95
South Stirling Sept 2.61 0 1.86 1.89 138 98
Wheat Oct 7.12 0.06 5.1 5.59 127 91
Nov 9.23 0 6.6 8.02 115 82
EDRS Sept 2.6 1.47 2.28 1.83 142 125
Wheat Oct 6.87 3.48 5.9 4.95 139 119
* = Time of Sampling. # B.P. = Bed Productivity. Productivity of beds only compared to the controls. @ T.P. =
Total Productivity. Productivity of the total area taken up by raised beds and furrows compared to the controls.
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 Table 10.3 Summary of grain yields of all experimental sites for 1999.
Raised beds Control
Location Crop (t/ha) % diff. P#
Beverley Field peas 1.96 1.39 141 0.03
Toolibin Canola 1.34 1.18 114 0.14
Woodanilling Field peas 1.47 1.03 143 0.20
Cranbrook Wheat 2.41 1.88 128 0.40
MBRS Canola 2.15 1.9 113 0.13
Badgebup Canola 1.75 1.82 94 0.76
South Stirling Wheat 3.50 2.95 118
EDRS Wheat 3.64 2.71 134 0.10
Mean 2.27 1.86 123 0.006
P# =  Level of probability  that the difference is due to the imposed treatments. For agricultural purposes P ≤ 0.05 is often used.
Comments
Beverley
Good germination and subsequent weed control ensured a good crop establishment. The
productivity of the raised beds outyielded the control, but the productivity of the furrows
suppressed the productivity of the total raised bed area to such extent that the combined
productivity in term of dry matter accumulation of the furrows and the beds was less than the
control. This was not expressed in the yield where the raised bed treatment outyielded the
control by 41% with a probability (P) of 0.03, the most significant of all sites. The
discrepancy between dry matter and yield (i.e. dry matter of the raised beds is less than
control but yield is higher) might have been caused by rainfall in October and November
which caused waterlogging and affected pod fill adversely in the control.
Toolibin
The average seasonal conditions in Toolibin were not conducive to generating large
differences between treatments. Early infestations with RLEM (red-legged earth mite)
affected the crop in both the control and the raised beds but spraying and misting brought that
under control. The farmer's sprayer was incompatible with the raised beds during that time
and misting reduced the effectiveness of the operation. The furrows contributed little to the
dry matter production of the raised beds which outyielded the control by 14% or 0.16 t/ha.
Woodanilling
An error with the seeder setup on one of the raised bed plots affected yield. It was also
observed that the peas left large areas of soil exposed due to the orientation in the direction of
the prevailing wind. Infestations of capeweed in those areas adversely affected yield. Despite
these problems, the average yield of the raised beds was 43% more than the control even
though this was not statistically significant on a 0.05 level, a standard commonly used in
agriculture to safely attribute the cause of differences to the effect of treatments.
Cranbrook
Large rains and low temperatures shortly after seeding caused poor germination in the control
and the furrows of the raised beds. The productivity of the beds was substantial. Despite the
low productivity of the furrows, the combined productivity of the furrows and the beds was
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still 28% more than the control. A difference only significant on a 0.4 probability level
because of the large variability between the plots in the same treatment caused by salinity,
rhizoctonia and the presence of a seep which greatly affected the yield in particular plots. Late
harvesting downgraded the seed to feed quality and affected the quantity as well. A wheat
yield from the raised beds of 2.5 t/ha for a growing season rainfall of 408 mm.
Mount Barker Research Station
A wet start to the season followed by a dry winter ensured few waterlogging events and
resulted in reasonable yields on the control treatment areas. At all times the raised beds
produced a greater dry matter and yield than the control. A very high oil content of 47% was
probably the result of the long growing season and the cool harvest.
Badgebup
Throughout the growing season little difference existed between the raised beds and the
control. The furrows produced less but contributed more to the overall productivity of the
raised beds than at other sites. The loose beds and the dry July probably hampered early crop
growth on the beds. Visual observations revealed a wider canopy and earlier flowering on the
control than the raised beds. This was however not supported by dry matter cuts taken in
September and October. It should also be noted that two of the three raised bed plots did not
receive any Impact®. These two plots yielded less than the adjacent controls implying that the
lack of Impact® may have adversely affected the crop on the raised beds.
South Stirling
The main issue at South Stirling has been the zero productivity in the furrows due to
waterlogging and the subsequent lower productivity from the raised bed area. In addition,
poor drainage of the furrows in certain sections of the raised beds reduced the effectiveness
the raised beds. The advantage of the raised bed system is illustrated in that despite non-
productivity of the furrows the raised beds (i.e. 71% of the total area) still achieved a higher
yield than the control, 3.5 t.ha and 2.95 t/ha for the raised beds and the control respectively.
Esperance Downs Research Station
Very good wheat establishment was obtained at the EDRS site whilst the productivity of the
furrows was substantial. A wetter than average season resulted in a higher productivity on the
raised beds than the control which produced 3.6 and 2.7 t/ha of grain respectively on 359 mm
growing season rainfall (May–October).
 Soil physical conditions
The bulk density of the soil in the root zone at different depths was obtained during the
growing season. A summary is presented in Table 10.4.
At all sites except MBRS and at all depths the raised beds retained lower bulk density than the
control. This was the case even after three years of cropping without renovations of the beds
(e.g. Woodanilling and Cranbrook). Even after three years a more porous root zone was
retained in the beds. This was also confirmed by the infiltration properties of the soil,
reflecting differences in soil structure. These are presented in Table 10.5.
The raised beds retained a higher steady state infiltration rate at all sites. The seasonal effects
were also very pronounced as the infiltration properties are reduced during the winter months,
when high rates are needed for good internal drainage. The raised beds still had a 3 to 10
times higher infiltration rate than the control in winter. The presence of a freely discharging
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furrow in the raised beds means that there is a facility for excess soil moisture to drain, an
option not available in the control treatment.
Table 10.4 Soil bulk density of the root zone for various experimental sites for 1999
growing season.
Raised beds Controls
Location Depth (cm) (g/cm3)
Woodanilling 5 1.54 1.64
15 1.72 1.77
25 1.73 1.75
Cranbrook 5 1.16 1.28
15 1.63 1.72
25 1.67 1.69
MBRS 5 0.87 0.96
15 1.12 1.15
25 1.28 1.21
Esperance 5 1.26 1.42
15 1.45 1.58
 Table 10.5 Hydraulic properties as steady state infiltration rates after 30 minutes under
ponded conditions of the topsoil in the control and the raised beds for a number of sites
at different times during the 1999 growing season.
Raised beds Control
Location (mm/hr)
Beverley, 5 May 692 497
Beverley, 7 July 171 49
Cranbrook, 28 July 594 53
Toolibin, 4 May 673 416
Toolibin, 8 July 227 55
Woodanilling, 6 July 157 83
Conclusion
The 1999 growing season conditions varied from a wet start, to a dry winter, to average spring
conditions. Except for Badgebup, which had a delayed early crop development on the beds
and no Impact® on two of the three plots, the raised beds produced on average 23% higher
yields (P = 0.006) than the untreated or control areas for a range of different crops and soils.
Issues such as proper drainage of the furrows and limited productivity of furrows have been
highlighted and will be addressed in 2000.
The concept of raised beds continues to be demonstrated as a good and reliable tool to
eliminate waterlogging and improve productivity.
